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INTRODUCTION 
It is well known that ovarian steroid hormones influence the rate of 
gonadotropin secretion from the anterior pituitary gland. The synthesis 
and release of follicle stimulating hormone (FSH) and luteinizing hormone 
(LH) increase following ovariectomy of rats, and these increased secretory 
levels can be depressed by a single injection of estrogen. Acute pro­
gesterone treatment, in the absence of estrogen, has no apparent effect 
on LH secretion. 
In rats, parturition is followed within 36 hr by estrus and ovulation, 
after which, ovarian cycles are suppressed if lactation continues. After 
the post-partum ovulation the interval to first estrus is extended as 
litter size increases from 1 to 4 pups. Elevated secretory levels of pro­
lactin and progesterone are associated with increased litter size. Pitui­
tary gonadotropin levels rem-.in constant after ovariectomy of lactating 
rats nursing large litters, and serum LH activity is nondetectable by 
bioassay. It has been concluded on the basis of these results that suckling 
suppresses gonadotropin synthesis and release. 
The objective of this investigation was to examine the effects of 
suckling on the synthesis and release of FSH and LH in intact and ovari-
ectomized, lactating rats. The sensitivity of radioimmunoassays provided 
a means for determining hormone concentrations simultaneously within the 
pituitary and serum of individual animals. The suckling stimulus was 
altered by adjusting litter size and removing pups on designated days. 
LITERATURE REVIEW 
Suppressed ovarian activity is associated with lactation in many 
mammalian species and may be related to the intensity of the suckling 
stimulus. Young rats are usually weaned after 21 days of suckling, but 
if pups are permitted to remain with the dam for a longer period the 
duration of lactation is extended. Long and Evans (1922) observed 
vaginal smears of nursing dams and showed the persistence of the charac­
teristic diestrous smear consisting of polymorphonuclear leukocytes. 
Histological examination of the vaginal mucosa indicated a progressive de­
cline in epithelial height. 
Lactation in rats is associated with an increased synthesis and re­
lease of prolactin from the anterior pituitary gland. Replacement studies 
following hypophysectomy demonstrated that prolactin was necessary for 
maintenance of lactation in rats (Cowie, 1957; Bintarningsih et al., 
1958). Maintenance of near normal milk secretion required a combination 
of prolactin, ACTH and growth hormone (Cowie and Folley, 1961). Reece 
and Turner (1937) observed a higher pituitary content of prolactin in 
suckled rats than in those from which pups were removed at delivery. 
Furthermore, acute suckling following 12 hr of nonsuckling significantly 
reduced the pituitary content of prolactin. In chronically suckled 
rats pituitary prolactin was lower during mid-lactation than during the 
early or late phases (Grosvenor and Turner, 1958; Tucker, Paape and Sinha, 
1967). In dams continuously suckled and in those nonsuckled for short 
periods of time, pituitary prolactin concentrations have been observed to 
increase with litter size (Tucker et al., 1967; Mena and Grosvenor, 1968). 
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Amenomori, Chen and Meites (1970) reported increased serum prolactin 
levels 0,5 hr after litters were returned to their dams following a 10 hr 
nonsuckling period. Serum prolactin levels declined when litter size 
was decreased from 10 to 3 pups, but these values were significantly 
higher than those in dams from which all pups were removed. 
Grosvenor and Mena (1971) suggested that suckling constitutes the 
primary stimulus for prolactin release in the primiparous rat in early 
lactation. However, sometime between Days 7 to 14 post partum extero­
ceptive stimuli associated with the pups can bring about prolactin release. 
During this time olfactory stimulation from the litter was the major 
stimulus for the reduction of prolactin in the pituitary of the dam (Mena 
and Grosvenor, 1971). Nevertheless, behavioral patterns resembling those 
of normal nursing dams were exhibited by primiparous rats whose nipples 
were surgically removed prior to parturition (Moltz, Geller and Levin, 
1967). Similarly prepared animals supplied with a succession of foster 
pups remained in diestrus for an average of 16 days and responded to uterine 
trauma with deciduomata suggesting the sustained release of prolactin in 
these animals without any previous nursing experience (Moltz, Levin and 
Leon, 1969). 
In rats, ovulation occurs spontaneously within 36 hr following par­
turition (Kirkham, 1910; Sobatta and Burckhard, 1910) and subsequent ovu­
lations are inhibited in dams nursing large litters. Using indirect 
methods, Hoffman and Schwartz (1965) postulated that the LH surge re­
sponsible for this ovulation occurred between 1 and 6 PM either on the 
day of parturition or on the following day. However, Rebar, Nakane and 
Midgley (1969) reported ovulatory levels of LH at different times with 
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no apparent relationship to time of day. In the majority of cases 
elevated serum LH levels were observed between 7 and 10 hr after par­
turition and all animals had ovulated within 30 hr post parturn. This 
post-partum release of LH is in contrast with the situation observed in 
cycling rats where LH release is a sharply defined event (Monroe et al., 
1969; Schwartz, 1969). 
The ovaries of lactating rats contain two sets of corpora lutea, one 
set remaining from the gestation and the other forming after the post­
partum ovulation (Long and Evans, 1922). Although the corpora lutea of 
pregnancy regress they are still visible on Day 21 post partum. The 
corpora lutea of lactation are approximately the same size as those formed 
during pseudopregnancy and their size is not affected by the number of 
young nursed (Weichert and Schurgast, 1942). These corpora lutea were 
demonstrated to produce levels of progesterone adequate for the induction 
of deciduomata following uterine trauma (Long and Evans, 1922; Lyon, 1939). 
The two major progestins secreted by the rat ovary are progesterone 
and 20a-hydroxypregn-4-en-3-one (Wiest, 1959). Progesterone levels in 
ovarian venous blood are low during early lactation, gradually increase 
to peak values by mid-lactation, and decline to low levels by Day 17 
(Tomogane, Ota and Yokoyama, 1969; Yoshinaga, Moudgal and Creep, 1971). 
The secretory pattern of 20a-hydroxypregn-4-en-3-one during these times 
is inversely related to that of progesterone. In dams nursing 6 pups 
ovarian progesterone secretion is greater than in those nursing 2 pups. 
Removal of the corpora lutea, leaving the remainder of the ovary in­
tact, or ovariectomy reduced the amount of estrogen required to evoke 
estrus during lactation, demonstrating that the corpora lutea of lactating 
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mice possess estrus-inhibiting activity (Parkes, 1927; Parkes and Bellerby, 
1927). Furthermore, the amount of exogenous estrogen needed to produce 
estrus increased with the number of pups suckling. McKeovm and Zuckerman 
(1938) observed that rats exhibited estrus by the fourth day after cor­
pora lutea of pseudopregnancy were destroyed by electrocautery, but simi­
lar treatment of lactating rats was not followed by a return to estrus. 
On the basis of these results they postulated that the suppression of 
ovulation during lactation was not entirely due to the corpora lutea. 
It has been postulated that suppressed ovarian activity during lac­
tational anestrus is the result of an inhibition of gonadotropin secre­
tion. This concept is based on investigations concerned with the follow­
ing: 1) ovarian weight changes, 2) deciduomata formation, 3) delayed 
.war 
implantation, 4) pituitary morphology and 5) measurement of pituitary 
gonadotropin levels. 
During lactation ovarian weights progressively decline from Days 2 
to 20 (Stotsenburg, 1923), but at this time the ovaries contain an active 
set of corpora lutea. This decrease in ovarian weight results in part 
from a lack of maintenance of extra-luteal tissue (Kobayashi _et al., 
1965), Rothchild (1960) reported that the ovaries of pseudopregnant and 
lactating rats responded to exogenous gonadotropins in a manner similar 
to those of cycling rats suggesting that the anovulatory condition was 
not the effect of a diminished ovarian response to circulating hormones. 
The interval to the first estrus in intact lactators and in castrated 
lactators bearing ovarian autografts was extended as litter size increased. 
Growth of ovarian autografts in post-partum rats was less in animals nursing 
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large litters than in those deprived of their litters following parturi­
tion, and exogenous prolactin did not alter the ovarian autograft re­
sponse of these rats. Furthermore, compensatory hypertrophy which 
follows unilateral ovariectomy was observed after Day 8 of pseudopregnancy 
but did not occur during lactation (Rothchild and Dickey, 1960). Lostroh 
and Johnson (1966) reported increases in ovarian weights following treat­
ment of hypophysectomized rats with FSH, but for maximal follicular 
growth a combination of FSH and LH was required. Results of studies 
dealing with ovarian weight changes support the suggestion of diminished 
gonadotropin secretion during lactation. 
Lyon (1939) observed that uterine trauma from Days 4 to 17 post 
partum induced deciduomata. This contrasts pregnancy and pseudopregnancy 
in which the decidual reaction can be induced only during a short time 
(Selye and McKeown 1935; DeFeo, 1963). Moreover, deciduomata of lactat-
ing rats are smaller and persist for a shorter period of time than those 
induced during pseudopregnancy. The diminished response and extended 
period of sensitivity to uterine trauma are suggestive of low estrogen 
levels (Rothchild and Meyer 1942; Yochim and DeFeo, 1963). Both FSH and 
LH have been proposed as necessary for stimulation of ovarian estrogen 
secretion (Creep, van Dyke and Chow, 1942; Lostroh and Johnson, 1966). 
If rats or mice are mated at the post-partum estrus and allowed to 
nurse litters of more than 2 pups the resulting pregnancy is usually longer 
than the normal 21 to 22 days. Kirkham (1918) observed that this pro­
longed pregnancy concomitant with lactation was the result of delayed 
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implantation. Implantation can be induced in pregnant lactating rats by 
gonadotropin or estrogen treatment (Weichert, 1940, 1942; Yoshinaga, 1961). 
The hormonal requirement necessary for implantation has been examined by 
Nutting and Meyer (1963) and Mayer (1963), Blastocysts do not implant 
and remain viable within the uterus if rats are ovariectomized before 
Day 3 of pregnancy and treated with progesterone. This condition is simi­
lar to the preimplantation period of lactating rats. In both instances, 
implantation is evoked with estrogen treatment. Autotransplantation of 
the hypophysis to the kidney capsule suppresses gonadotropin secretion 
but permits prolactin secretion to continue (Everett, 1956). If pituitary 
autotransplantation is performed before Day 2 postcoitus implantation 
does not take place. Again, estrogen effectively elicits nidation. On 
the basis of these results it has been proposed that delayed implantation 
occurs in the absence of release of a pituitary factor(s) which is needed 
to stimulate ovarian estrogen secretion. 
With regard to the post-partum estrus, suckling or at least the 
presence of pups in some way may affect mating. Kali, Amir and Morag 
(1971) improved the rate of copulation and increased the number of 
pregnancies 2-3 fold by removing the pups for 12 hr during the expected 
post-partum estrus. The basis for this enhanced reproductive performance 
is unknown. 
In the rat, castration is followed by the appearance and development 
of "castration cells" in the anterior pituitary (Addison, 1917; Desclin, 
1947). This change in pituitary morphology is described as an increase 
in the number and size of the basophilic cells and is accompanied with 
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an elevation in gonadotropic potency (Engle, 1929; Evans and Simpson, 
1929). Desclin (1947) demonstrated that constant nipple stimulation in 
the absence of milk loss prevented the appearance of castration cells in 
rats ovariectomized following parturition. Furthermore, prolactin in­
jections following ovariectomy did not prevent the appearance of castra­
tion cells in rats from which pups were removed at parturition. 
Pituitary gonadotropic potency (FSH and LH) was found by Rothchild 
(1960) to be similar in intact and ovariectomized, lactating rats nursing 
large litters. The increase in gonadotropic potency following ovariectomy 
was identical in nonlactating rats and rats nursing small litters. Re­
sults of studies dealing with pituitary LH content paralleled the observa­
tions on total gonadotropic potency (Parlow and Rothchild; 1960). How­
ever, Tucker and Thatcher (1968.) observed no differences in the content of 
pituitary LH in rats nursing litters of different sizes. Pituitary FSH 
and LH concentrations declined following parturition with the level of 
each remaining low throughout lactation (Kobayashi et al., 1965). Also, 
hypothalami from suckled rats are reported to contain less LH releasing 
factor than those from cycling rats (Minaguchi and Meites, 1967). Two 
weeks after ovariectomy, McCann, Graves and Taleisnik (1961) were unable 
to detect LH activity in serum from lactating rats, but activity was ob­
served by bioassay in serum of animals from which pups were removed at the 
time of ovariectomy. 
Gonadotropin secretion during lactation appears to be suppressed to 
a level such that the above discussed physiologic events are either 
diminished or do not occur. However, LH secretion continues at a level 
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sufficient to support ovarian progesterone secretion (Yoshinaga et al., 
1971). Treatment of rats nursing 6 pups with LH anti-serum during early 
and raid-lactation significantly decreased progesterone levels. 
Although increased prolactin and suppressed gonadotropin secretions 
characterize lactation there is little evidence to suggest that prolac­
tin is the suppressive factor. Rothchild (1960; 1967) proposed that suck­
ling depresses the synthesis of gonadotropins while progesterone primarily 
inhibits their release, and suggested that the mechanism through which 
the suckling stimulus acts to prevent ovulation is neural and acts via 
centers in the hypothalamus. Ovulation cycles eventually reappear if milk 
secretion is prolonged by providing a succession of younger foster pups, 
regardless of the mechanism of suppressed ovarian activity during lacta­
tion (Bruce, 1961). 
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MATERIALS AND METHODS 
Animals 
Primipaious, female, Holtzman-derived rats (Sasco, Omaha, Nebraska) 
were maintained on a schedule of 12 hr light:12 hr dark, Purina Labora­
tory Chow and tap water were available ad libitum supplemented twice weekly 
with fresh carrots. Only rats delivering at least 6 pups and weighing a 
minimum of 250 g at parturition were used. Vaginal smears were examined 
each morning; rats failing to remain in diestrus were discarded. The day 
of parturition was designated as Day 0, and on post-partum Day 2 litter 
size was adjusted to 0, 3, 6, or 12 pups. Using light ether anesthesia, 
ovariectomies or sham operations were performed via dorsal bilateral 
incisions on Day 2, 
Sample Collection 
In Experiments I and II rats were bled by cardiac puncture while 
under light ether anesthesia and the blood samples remained at 4 C for 
6-10 hr before centrifugation at lOOOxg, 4 C for 30 min. Sera were stored 
at -20 C until assayed. Following blood collection animals were de­
capitated immediately. In Experiment III, blood samples were collected 
by cardiac puncture of ether anesthetized rats or by indwelling aortic 
cannulae in conscious rats. Following collection in heparinized tubes, 
blood samples remained at 4 C until centrifugation and the plasma was 
stored at -20 C until assayed. 
In Experiments I and II, anterior pituitary glands, uteri and ovaries 
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(if present) were removed and weighed. Pituitary glands were immediately 
placed on ice and homogenized in cold, phosphate buffered saline (PBS) 
(0.14M NaCl, O.OIM sodium phosphate, pH 7.0) at a concentration of 0.1% 
(w/v). Following centrifugation at lOOOxg, 4 C for 30 min the supernatant 
was aspirated and a portion diluted 1:30 (v/v) with PBS-1% crude egg 
albumin (EW) and stored at -20 C until assayed. 
Experimental Design 
Experiment. I 
The effects of litter size and ovariectomy on gonadotropin levels 
were determined throughout lactation in a study consisting of 20 groups 
with five rats per group. Rats were ovariectomized (OvaX) or sham 
operated (Intact) on Day 2 and all animals were sacrificed between 8;00 AM 
and 10;00 AM on the designated days. One group of rats killed on Day 2 
provided information relevant to the status of animals at the time of 
experimental manipulation, i.e. ovariectomy and altered suckling stimula­
tion. Four levels of suckling were observed; 0, 3, 6 and 12 pups per 
litter. Intact or OvaX animals nursing 3 or 6 pups were sacrificed on 
Days 6, 12 and 18 whereas those nursing 12 pups were killed on Days 12 
and 18. Rats remained with their pups until sacrifice. Animals from 
which pups were removed at time of ovariectomy were killed on Days 6, 12 
and 18. These three control groups represented the maximal expected re­
sponse of gonadotropin secretion to ovariectomy. The following diagram 
summarizes the design; 
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Litter 
size 
Ovarian 
status 
Day post partum 
6 12 18 
0 OvaX X X X 
3 Intact X X X 
OvaX X . X X 
6 Intact X X X 
OvaX X X X 
12 Intact » X X 
OvaX - X X 
Experiment II 
This Investigation was similar to Experiment I except pups were 
removed from their dams 12 hr before sacrifice of the dam. Three levels 
of suckling were used; 3, 6 and 12 pups. 
Experiment III 
Prior to mating, the nipples were surgically removed from one group 
of animals; thelectomized (TH). After parturition TH females were con­
tinuously supplied with litters of 6 foster pups, and every 12 hr pups 
were rotated from TH dams to normal dams and vice versa. In 2 groups 
of suckled rats litter size was adjusted to 6 pups on Day 2. All animals 
were ovariectomized on Day 2, and on Day 3 a permanent cannula was in-, 
serted into the aorta of each animal by the procedure of Popovic and 
Popovic (1960). On Day 6, pups were removed from TH rats and one group 
of suckled rats and placed in another room. In the second group of suckled 
rats, the pups were placed in a double wire basket inside the dam's 
cage. Blood samples (0.5 ml) were collected at the time pups were removed 
from direct contact with their dams and 12 hr later. Pups were then 
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returned. These treatments were repeated on Day 12. In cases of non­
functional cannulae rats were anesthetized with ether and bled by cardiac 
puncture. 
Radioimmunoassays 
The double antibody procedure was used in the radioimmunoassays 
for FSH, LH and prolactin. All three antisera were prepared in rabbits. 
Antiserum (^5) to ovine LH was prepared by Drs. G. D. Niswender and 
A. R. Midgley, Jr., University of Michigan, and the antiserum (^10) 
against rat prolactin was provided by Dr. J. D. Neill, Emory University. 
The complete FSH assay system (NIAMD-Anti-Rat FSH Serum - 2, NIAMD-Rat 
FSH-I-1 and NIAMD-Rat FSH-RP-1, 2x NIH FSH-Sl) and the prolactin reference 
preparation (NIAMD-Rat Prolactin-RP-1, 30 lU/mg) were furnished by the 
Rat Pituitary Hormone Distribution Program, National Institute of Arthritis 
and Metabolic Diseases, National Institutes of Health. Dr. J. C. Porter, 
University of Texas Southwestern Medical School, supplied the rat LH 
reference standard (0.135x NIH-LH-Sl). 
Radioiodinations of FSH, LH and prolactin were performed by a modifi­
cation of the procedure described by Monroe, Parlow and Midgley (1968). 
Preparations of LH and prolactin for iodination were provided by Dr. L. E. 
Riechert, Jr., Emory University (ovine LH, LER-1056-C2 and rat prolactin, 
195 
LER-1421-94). For the iodination of each hormone 1 mc of I (carrier 
1 n c 
free, Na I in O.IM NaOH; New England Nuclear, Boston, Massachusetts) 
was added to a reaction vial containing 2.5 jig of hormone in 25 fil of 0.5M 
sodium phosphate buffer (PB), pH 7.5. The reaction was initiated by 
addition of 20-30 /ig of chloramine-T (Matheson, Coleman and Bell, Norwood, 
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Ohio) in 10 pi 0.05M PB, pH 7.5. After 60 seconds (FSH) or 120 seconds 
(LH and prolactin) 125 pg of sodium metabisulfite in 50 pi 0.05M PB 
was added followed by 0.1 ml of transfer solution (17o(w/v) potassium 
iodide, 0.01% (w/v) bromphenol blue, 16% (w/v) sucrose). The entire 
reaction mixture was transferred to a 0.8x 22 cm gel filtration column 
(BioGel P-100, Bio-Rad Laboratories, Richmond, California or Sephadex 
G-150, Pharmacia, Piscataway, New Jersey). Subsequently 0.05 ml of rinse 
solution (same as transfer solution except 8% sucrose) was added to the 
reaction vial and applied to the column. Columns were eluted with 0.05M 
PB, pH 7.5 and 0.5 ml fractions were collected in 0.1 ml PBS-5% EW. The 
elution pattern was determined by counting fractions in a Packard Series 
5000 Auto-Gamma Spectrometer, followed by dilution of the appropriate 
fractions with PBS-0.1% EW for use in the assays. 
Radioimmunoassays for rat LH and prolactin were those developed by 
Niswender £t al^. (1968, 1969), FSH assays were performed by a similar 
procedure. The assay system consisted of serum, pituitary extract or 
standard hormone preparation diluted in PBS-1% EW to give a final volume 
of 500 pi. Antiserum to the appropriate hormone was diluted in 1:250 
normal rabbit serum such that 25-45% of the labelled hormone would be 
bound in the absence of unlabelled antigen. Following the addition of 
200 Jul of diluted antiserum, assay tubes were incubated at 4 C for 24 hr 
125 proceeded by the addition of 100 pi of I-hormone. Subsequent to another 
24 hr incubation at 4 C, 200 pi of a second antibody prepared against 
rabbit gamma globulin (ARGG) was added at a dilution sufficient to maxi­
mally precipitate the antibody-bound ^^^I-hormone. ARGG was prepared in 
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sheep as described by Monroe et al., (1968). After an additional 72 hr 
incubation at 4 C, 1.5 ml of PBS was added to each tube to dilute unbound 
-hormone. Assay tubes were centrifuged at 4000xg for 30 min 4 C; 
supernatants were aspirated and discarded, and the remaining precipitates 
were counted in the Auto-Gamma Spectrometer. The limits of sensitivity 
for the FSH and LH assays were 100 ng/ml and 3 ng/ml, respectively (200 pi 
of serum assayed). In Experiment III LH levels were determined on 100 jal 
of serum. 
Statistical Analysis of Data 
Analysis of variance was applied to data or log-transformed data 
followed by planned linear comparisons; a. posteriori comparisons were 
made with Student's t-test (Snedecor and Cochran, 1967). 
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RESULTS 
Follicle Stimulating Hormone and Luteinizing Hormone 
Experiment I 
Concentrations of FSH in the anterior pituitary glands of intact and 
ovariectomized, lactating rats are presented in Figure 1. The level on 
Day 2 was lower than that observed at any other time during lactation 
(P ZL .05). In intact rats on Day 12 post parturn, pituitary FSH levels 
were lower in dams nursing 12 pups compared to those nursing 3 pups 
(P < .05). Following ovariectomy pituitary FSH levels were elevated and 
this response diminished as litter size increased (P c.Ol). In ovari­
ectomized animals, pituitary FSH concentrations of rats nursing 3 pups 
were greater than those in dams nursing 6 pups (P .01) and equal to 
the levels of rats with 0 pups (P ^  .05), Pituitary FSH levels in dams 
nursing 6 pups were similar in intact and ovariectomized animals on Days 
6 and 12 but were higher on Day 18 in the ovariectomized group (P < .05). 
Between Days 2 and 6 post partum intact rats showed the largest increase 
in pituitary FSH. The FSH concentration of ovariectomized rats (0 pups) 
was 3.6 times higher on Day 6 than Day 2, and by Day 18 the level had 
increased 7.2 times. 
Serum FSH concentrations are presented in Figure 2. Five animals 
were sacrificed for each treatment group and the numbers in parentheses 
represent the number of animals in which serum FSH levels were detectable. 
Increased litter size was associated with a decrease in the number of 
Day-12 intact rats in which serum FSH was detectable. Elevated FSH 
concentrations in the serum were observed following ovariectomy and the 
Figure 1. Changes in pituitary FSH concentrations during Lactation (each bar 
represents mean+SE of 5 rats) 
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Figure 2. Changes in serum FSH concentrations during lactation (numbers in parentheses 
represent number of rats with serum FSH concentration > 100 ng/ml, each bar 
represents mean+SE) 
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levels declined as litter size increased (P < .01). In ovariectomized 
animals circulating FSH levels in rats nursing 3 pups were equal to those 
in dams with 0 pups (P > .05), but higher than the levels in dams nursing 
6 pups (P <• .05). 
Changes in pituitary LH concentrations during lactation (Figure 3) 
differed from those observed for pituitary FSH. The concentration of 
pituitary LH on Bay 2 was lower than that observed at any other time 
(P .05) and on Day 6 the levels were equal in all groups. By Day 12 
LH levels were elevated in ovariectomized rats with 0 or 3 pups (P < .01) 
and on Day 18 pituitary LH concentrations of all ovariectomized groups 
were different from each other (P ,05). In intact rats LH levels re­
mained constant after Day 6 except for Day-18 animals nursing 3 pups in 
which there was an increase (P < .01). Pituitary LH levels in ovariectom­
ized rats with 0 pups were 14.7 times greater on Day 18 than on Day 2. 
The pattern of serum LH concentrations (Figure 4) also differed from 
that of serum FSH. Although ovariectomy increased serum LH levels 
(P < .01), the concentrations on Days 6 and 12 in ovariectomized rats 
nursing 3 pups were lower than in dams with 0 pups (P < .05). The levels 
in these two groups were equal on Day 18. Increased litter size reduced 
the number of animals in which serum LH was detectable. In rats nursing 
litters of 6 pups (Day 6) and 12 pups (Day 12) no elevation in LH was 
observed following ovariectomy and not all ovariectomized rats nursing 
6 and 12 pups had detectable amounts of LH on Day 18. 
Experiment II 
Pups were removed 12 hr before sacrifice of the dams in this experi­
ment and the data are presented in Table 1. After removal of pups for 
Figure 3. Changes in pituitary LH concentrations during lactation (each bar represents 
mean+SE of 5 rats) 
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Figure 4, Changes in serum LH concentrations during lactation 
(numbers in parentheses represent number of rats with 
serum LH concentration > 3 ng/ml, each bar represents 
mean+SE) 
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Table 1. Pituitary and serum concentrations of FSH, LH and prolactin in intact and ovariectomized, 
lactating rats 12 hr after removal of pups 
FSH* LH* Prolactin* 
Day 
Litter 
siae 
Ovarian 
state 
No. 
rats 
(Hg/mg 
pituitary) 
(ng/ml 
serum) 
(lig/mg 
pituitary) 
(ng/ml 
serum) 
(^g/mg 
pituitary) 
(ng/ml 
serum) 
2 ___b Intact 12 1.46+0.lic 196+21 2.6±0.4 lit 2 1.96+0.31 27.6+2.8 
6 3 Intact 6 3.79±0.47 197±14 6.4±0.4 10± 2 1.22+0.03 21.0+1.3 
3 OvaX 6 5.81±0.68 9]2±65 6.5+0.7 75+20 1.32+0.10 19.3+1.0 
6 Intact 6 3.59±0.40 264±12 5.9+0.7 16+ 3 1.53+0.17 27.9+4.9 
6 OvaX 6 4.21±0.62 604±48 5.2+0.9 60+ 3 1.91+0.27 30,6+6.6 
12 3 Intact 6 3.64+0.27 219±25 10.5+1.5 15+ 3 1.23+0.14 21.8+1.5 
3 OvaX 6 5.95+0.78 882±151 11.9+5.0 240+69 1.52±0.17 19.2+1.5 
6 Intact 12 3.46+0.26 235+22 6.3+0.5 16+ 2 1.16±0.26 21.2±3.0 
6 OvaX 12 5.84+0.71 762+91 10.5±1,7 123+25 1.80+0.18 20.6+1.4 
®LH in terms of reference standard with a relative potency of 0.135. NIH-LH-Sl. Prolactin in 
terms of NIAMD-Rat Prolactin-RP-1, FSH in terms of NIAMD-Rat FSH-RP-1. Pituitary hormone con­
centrations as ng/mg wet weight. 
^Litter size adjusted on Day 2 post partum. 
CMean ± SE. 
Table 1 (continued) 
FSH* LH® Prolactin* 
Litter Ovarian No. (pg/mg (ng/tnl (pg/mg (ng/ml (pg/mg (ng/ml 
Cay size state rats pituitary) serum) pituitary) serum) pituitary) serum) 
12 12 Intact 6 2.89±0.15®" 176+16 5.3±0.5 14+ 3 2.08±0,42 19.9+1.7 
12 OvaX 6 2.77+0.16 318+38 5.7+0.3 27+8 1.63+0.21 20.4+1.5 
18 3 Intact 5 3.95+0.53 202+30 12.6+3.2 13+ 2 1.24+0.15 20.4±1.8 
3 OvaX 6 7.48±0.39 1046+57 37.1+4.8 240+33 1.00+0.16 17;9+0.8 
6 Intact 12 3.86+0.42 188+19 11.2±1.1 14+ 3 1.27+0.15 24,4+2.5 
6 OvaX 12 5.98+0,58 917+79 12.4+3.0 182±44 1.09±0.07 25.6±3.2 
12 Intact 6 2.90±0.34 257+28 4.0+0.6 27+6 1.76±0.15 20.7+1.6 
12 OvaX 6 3.46±0.42 494+57 5.6±1.0 63+10 1.39+0.23 20.9±2.0 
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12 hr, FSH and LH were detectable in the serum of all dams. In ovariec-
tomized rats nursing 3 pups, serum FSH levels were comparable to those 
observed in Experiment I in which the dams remained with their pups con­
tinuously. In ovariectomized rats nursing 3 pups, serum LH levels were 
similar on Days 12 and 18 (P > ,05) following 12 hr of nonsuckling 
compared to Experiment I in which the level on Day 12 was lower (P < .01). 
On Day 6 in rats nursing 6 pups, serum FSH and LH levels were greater in 
ovariectomized dams when compared to intact dams (P <.01); in Experiment 
I (Figures 2 and 4) the hormone levels of these two groups were equal. 
Serum FSH concentrations on Day 12 were similar in ovariectomized dams , 
nursing 3 pups compared to those nursing 6 pups (P >.05); whereas, the 
level in the 3-pup group was greater than that of the 6-pup group in Ex­
periment I (P < .01). Intact rats nursing 6 pups (Day 6) and 12 pups 
(Day 12) showed an increase in serum LH from nondetectable levels to 15 
ng/ml during the 12 hr nonsuckling period. These results demonstrate 
increases in the release of FSH and LH following removal of pups for 12 hr. 
In dams whose pups were removed for 12 hr, pituitary concentrations 
of FSH and LH were similar to the levels observed in dams whose pups were 
continuously present, with the exception of two groups (Table 1, Figures 
1 and 3). In Day-12 ovariectomized rats nursing 6 pups, 12 hr after the pups 
were removed pituitary FSH and LH concentrations were greater than those 
of intact dams 6 pups) (P < .05). In Experiment I the hormone levels of 
these two groups were equal (P > .05). Following 12 hr of nonsuckling 
on Day 12, hormone concentrations in the Day-12 ovariectomized group (6 
pups) were similar to those of ovariectomized dams nursing 3 pups (P > .05), 
29 
but in Experiment I the 6-pup group had lower pituitary FSH and LH levels 
than the 3-pup group (P < .01). Thus, in Day 12 ovariectomized rats 
nursing 6 pups removal of the pups for 12 hr was followed by increased 
levels of FSH and LH in the pituitary and serum. In Day-18 rats nursing 
6 pups, the pituitary LH concentration of intact dams (Experiment I) was 
lower compared to ovariectomized dams (P ^  .01), but in Experiment II 
the pituitary LH level of the intact dams had increasedand was similar 
to that of the ovariectomized dams (P > .05). 
Ovarian, Uterine, Anterior Pituitary and Litter Weights 
Statistical analyses of organ and litter weights from Experiments I 
and II were conducted separately and the data were combined for presenta­
tion in Table 2. Uterine and ovarian weights were consistently depressed 
in intact dams as litter size increased; the differences between rats 
nursing 3 and 12 pups were significant (P -C .05). Uterine weights de­
clined following ovariectomy (P < .01) and these weights in the ovariec­
tomized dams were not altered by changing the suckling stimulus (P > .05). 
Litter and pituitary weights were the same in both intact and ovariec­
tomized dams. 
Prolactin 
Experiment I 
Pituitary prolactin concentrations were similar on Day 6 post parturn 
in rats with 0, 3 and 6 pups (Figure 5), On Days 12 and 18 pituitary 
prolactin levels were elevated as litter size increased. The level in 
dams nursing 12 pups was significantly greater when compared to dams 
Table 2, Organ and litter weights of intact and ovariectomized, lactating rats 
Anterior 
Litter Ovarian No, Ovarian Uterine pituitary Litter 
Day size state rats wt (mg) wt (mg) wet wt (mg) wt (g) 
a 
Intact 17 96.8+3.2^ 1301+60 9,87+0,30 a 
0 OvaX 5 c 293±14 8,69+0,68 - - -
3 Intact 11 86,4±2.5 454+22 8,74±0,30 46+1 
3 OvaX 11 300+ 8 8,20±0.27 44+1 
6 Intact 11 81.4+3.1 412±15 8,50±0,39 88+2 
6 OvaX 11 - — 312±11 9,02+0,30 92+2 
0 OvaX 5 - - - 168+ 5 8,40+0,57 
- - -
3 Intact 11 72.0+2.4 336+20 8,19+0.49 97+3 
3 OvaX 11 174±10 8.26+0,33 90+4 
6 Intact 17 67.3+1.9 263+16 8,36±0,36 176±3 
6 OvaX 17 168+ 5 8,75±0,27 169+4 
^Litter size adjusted on Day 2 post partuni. 
^Mean ± SE, 
%ats ovariectomized on Day 2 post partum. 
Table 2 (continued) 
Anterior 
Litter Ovarian No. Ovarian Uterine pituitary Litter 
Day size state rats wt (rag) wt (mg) wet wt (mg) wt (g) 
12 12 Intact 11 6l.0±2.1^ 227± 8 8.96±0.35 263±8 
12 OvaX 11 ---< 167+ 5 9.59±0,41 268+8 
18 0 OvaX 5 —- 128+ 7 8.84±0.18 
3 Intact 10 69.2+3,3 307+35 7.74+0.27 142+6 
3 OvaX 11 --- 136+ 8 8.78+0,29 147+6 
6 Intact 17 62.4+2.7 269±21 7,78+0.21 263±3 
6 OvaX 17 —- 131+ 5 8.20+0.28 258+8 
12 Intact 11 59,7+3.3 216+ 9 8,88+0,25 365+9 
12 OvaX 11 --- 144± 6 8.32+0,37 387+7 
Figure 5. Changes in pituitary prolactin concentrations during lactation (each bar 
represents mean+SE of 5 rats) 
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nursing 3 pups on Day 12 (P < .05) and to dams nursing 6 pups on Day 
18 (P < .05). Pituitary prolactin concentrations were not affected by 
ovariectomy and the levels were similar in animals with 0 and 3 pups. 
Serum prolactin levels were elevated by increasing the number of 
pups nursing (Figure 6). The differences between all litter sizes were 
significant on Day 12 (P .05) and ovariectomy did not alter serum pro­
lactin concentrations (P ^  .05). By Day 18 serum prolactin levels had de­
clined and the effect of litter size was not observed. 
Experiment II 
After removal of the suckling stimulus for 12 hr pituitary prolactin 
levels increased (Table 1) and the concentrations continued to reflect 
differences due to litter size. On Day 6 the pituitary levels were higher 
in rats with 6 pups compared to those with 3 pups (P <.01), and on Days 
12 and 18 dams that had been nursing 12 pups had greater amounts of pitu­
itary prolactin than dams with 6 pups (P < .05). Ovariectomy did not af­
fect pituitary prolactin levels. After 12 hr of nonsuckling serum pro­
lactin concentrations were depressed to the levels observed in ovariec-
tomized rats whose pups were removed on Day 2 (Table 1, Figure 6). 
Effect of Presence of Pups on LH Secretion 
In ovariectomized rats, serum LH levels were significantly higher in 
thelectomized animals when compared to suckled dams (P < .01) (Table 3). 
LH levels increased significantly in controls following a 12 hr nonsuckling 
period but not in the thelectomized rats. This increase, due to removal 
of the suckling stimulus, was less than observed in rats without aortic 
Figure 6. Changes in serum prolactin concentrations during lactation (each bar represents 
mean+SE of 5 rats) 
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Table 3. Effects of suckling on serum LH levels in ovariectomized rats 
LH levels 12 hts after treatment 
Day 
post 
partum 
No. 
rats 
No. rats 
with levels 
6 ng/ml 
Average No. 
ng/ml Treatment rats 
No. rats 
with levels 
6 ng/ml 
Average 
ng/ml 
Controls 6 17 0 pups removed 8 4 26.0+9.3 
pups placed in 9 6 15.4t5.6 
wire backet 
Thelectomized 6 9 8 56.0^22^ pups removed 9 8 74 +22 
Controls 12 16 3 7.3^1.2 pups removed 8 5 88t33 
pups placed in 
wire basket 8 6 36tl3 
Thelectomized 12 8 8 184t9 pups removed 8 8 194*32 
^Mean SE, 
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cannulas (Experiment II, Table I). These data must be interpreted with 
caution because Neill (1972) reported that aortic cannulation decreased 
circulating LH levels during proestrus. 
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DISCUSSION 
The changes in pituitary FSH and LH concentrations observed in this 
study during lactation confirm and extend the observations reported by 
Parlow and Rothchild (1960) and Rothchild (1960). The results presented 
in Figure 1 show that ovariectomy increased pituitary FSH levels of rats 
with 0 and 3 pups by Day 6. This is compared to ovariectoraized dams nursing 
6 pups in which pituitary FSH concentrations were not significantly greater 
than intact controls until Day 18. In dams nursing 12 pups, FSH levels 
in the pituitary were similar in intact and ovariectomized animals. In 
ovariectomized rats with 0 and 3 pups, the rate of FSH synthesis was in­
creased sufficiently so that elevated FSH levels were observed in the 
pituitary and serum 4 days after ovariectomy (Figures 1 and 2). Pituitary 
LH concentrations were similar in all groups on Day 6, but increased LH 
synthesis in ovariectomized rats with 0 and 3 pups is indicated by the 
elevated serum levels (Figures 3 and 4). Pituitary LH levels in ovariec­
tomized rats were greater than intact controls, on Day 12 in rats with 0 
and 3 pups and on Day 18 in dams nursing 6 pups. Pituitary LH levels were 
similar in intact and ovariectomized dams nursing 12 pups. In intact rats, 
increased litter size was associated with a decrease in pituitary FSH levels 
on Day 12 and LH levels on Day 18. These data clearly demonstrate that 
pituitary FSH and LH levels are progressively suppressed as litter size 
increases. The patterns of pituitary FSH and LH levels of ovariectomized 
rats with 0 pups are similar to those observed by Kobayashi et al., (1965). 
The observations on ovariectomized dams demonstrated that suckling 
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suppressed pituitary and serum levels of LH to a greater degree than that 
of FSH. ,0n Cay 18, pituitary FSH levels in rats with 0 and 6 pups were 
7.2 and 4.0 times greater than the value observed on Day 2. This is con­
trasted to pituitary LH concentrations which were 14.7 and 3.5 times 
greater on Day 18 than on Day 2 in dams with 0 and 6 pups, respectively 
(Figures 1 and 3). Furthermore, serum FSH concentrations on Day 12 were 
similar in ovariectomized rats with 0 and 3 pups but the serum LH level of 
rats nursing 3 pups was lower (Figures 2 and 4). 
The results presented in Figures 2 and 4 establish that the nursing 
of large litters inhibits the secretion of FSH and LH. In intact rats, 
increasing litter size was associated with a decrease in the number of 
animals with detectable FSH levels on Day 12 and LH levels on Days 12 and 
18. Serum FSH and LH concentrations were elevated following ovariectomy 
and these levels declined with increasing litter size. A large amount 
of variation in these levels was apparent on Day 18 in ovariectomized dams 
nursing 6 and 12 pups. Taken collectively, the pituitary and serum FSH 
and LH data demonstrate that the synthesis and release of these gonado­
tropins are progressively diminished as litter size increases. 
The inhibition of FSH and LH secretion by suckling was reflected in 
the decreased ovarian and uterine weights of intact rats as litter size 
increased. It is known that suckling depresses growth of ovarian auto­
grafts and prevents compensatory hypertrophy following unilateral ovariec­
tomy (Rothchild, 1960; Rothchild and Dickey, 1960). The decreased uterine 
weights following ovariectomy demonstrate that the involuting uterus of 
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post-partum rats is responding to ovarian hormone secretions. Ovarian 
progesterone secretion is low in early lactation, reaches a peak at mid-
lactation and declines rapidly thereafter (Tomogane et al., 1969; 
Yoshinaga et al., 1971). Low estrogen levels are suggested during lacta­
tion on the basis of extended uterine sensitivity to deciduomata formation 
and delayed implantation of blastocysts in pregnant lactating rats (Lyon, 
1939; Nutting and Meyer, 1963). Since ovarian progesterone secretion is 
elevated by increasing the litter size from 2 to 6 pups (Yoshinaga et al., 
1971), the progressive decrease in uterine weight with increasing litter 
size is indicative of diminished estrogen secretion. Both FSH and LH 
have been proposed as requirements for stimulation of ovarian estrogen 
secretion (Creep et al., 1942; Lostroh and Johnson, 1966). 
After pups were removed for 12 hr FSH and LH were detectable in the 
serum of all rats and the levels increased markedly in ovariectomized 
dams nursing 6 pups (Table 1). These rather abrupt increases suggest 
that the suckling stimulus may effectively inhibit FSH and LH release only 
if applied frequently. Serum FSH and LH levels after 12 hr of nonsuckling 
continued to reflect the size of the litter removed and may be explained 
as a dissimilarity in pituitary response to elevated levels of releasing 
factor(s). It is reported that the LH-releasing activity of LRF in vitro 
is dependent upon pituitary LH content (Wakabayashi and McCann, 1970). 
Another possibility is that the secretion of gonadotropin releasing 
factor(s) is inversely related to litter size. Minaguchi and Meites 
(1967) demonstrated lower LH-releasing activity in hypothalmi from suckled 
rats when compared to cycling animals. 
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In thelectomized rats, serum LH levels were greater than those of 
suckled dams (Table 3), suggesting that the act of suckling and not the 
presence of pups is responsible for the inhibition of FSH and LH release. 
Desclin (1947) prevented the appearance of castration cells in ovariecto-
mized rats by allowing them to nurse pups in the absence of milk secretion. 
It has been observed that the number of pups needed to suppress FSH and LH 
secretion is greater than the number which will stimulate prolactin se­
cretion (Rothchild, 1960). In the present investigation only 10 of 29 
intact rats nursing 3 pups remained in diestrus for 18 days. The majority 
of those animals returning to proestrus and estrus did so on post-partum 
Days 15-17, At this time ovarian progesterone levels in rats nursing large 
litters are low (Tomogane et al., 1969; Yoshinaga et al., 1971). The 
suppression of estrous cycles may differ with thelectomized dams in the 
presence of pups (Moltz et al., 1969) compared to nursing dams in that 
the inhibition of FSH and LH secretion may be the effect of progesterone 
in the former and suckling in the latter. 
Elevated pituitary and serum prolactin levels were observed as litter 
size increased, but by Day 18 serum levels were similar in all groups 
(Figures 5 and 6). Following removal of the pups, pituitary prolactin con­
centrations increased while serum levels declined (Table 2). These ob­
servations are consistent with previously reported changes in the prolactin 
levels of lactating rats (Amenomori e^ a^., 1970; Grosvenor and Mena, 1971). 
On Days 6 and 12, prolactin secretion in ovariectomized dams was in­
versely related to the secretion of FSH and LH (Figures 2, 4 and 6). This 
supports the proposal of an antagonism between the secretion of prolactin 
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and that of FSH and LH (Ben-David, Danon and Sulman, 1971); however, on 
Day 18 FSH and LH levels continued to reflect the effect of litter size 
but serum prolactin levels were similar in all groups. 
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SUMMARY 
The effect of suckling on synthesis and release of follicle stimu­
lating hormone (FSH) and luteinizing hormone (LH) was investigated in 
intact and ovariectomized, lactating rats. Pituitary concentrations of 
FSH and LH were low on Day 2 (1.24 and 3.85 jug/mg) and increased sig­
nificantly by Day 6. In intact rats, increased litter size was associated 
with a decrease in pituitary levels of FSH on Day 12 and LH on Day 18. 
Following ovariectomy, pituitary FSH and LH concentrations were elevated 
and these responses diminished as litter size increased. Pituitary FSH 
levels of ovariectomized dams were significantly greater than those of 
intact dams, on Day 6 in rats with 0 and 3 pups and on Day 18 in dams 
nursing 6 pups. Pituitary LH levels were similar in all groups on Day 6, 
but were significantly higher in ovariectomized rats when compared to in­
tact controls on Day 12 in rats with 0 and 3 pups and Day 18 in dams nursing 
6 pups. In dams nursing 12 pups, pituitary FSH and LH concentrations were 
similar in intact and ovariectomized animals. Serum FSH and LH levels 
were elevated following ovariectomy and these levels declined as litter 
size increased. Serum FSH levels of Day 6 rats with 0 and 3 pups were six 
times higher in ovariectomized animals compared to intact controls. Serum 
FSH concentrations of ovariectomized dams were greater than those of intact 
controls by Day 12 in dams nursing 6 pups and by Day 18 in dams nursing 12 
pups. The pattern of LH levels in the serum was similar to that for FSH 
except that on Days 6 and 12 LH levels were lower in ovariectomized rats 
nursing 3 pups compared to those with 0 pups. Following a 12 hr non-
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suckling period serum FSH and LH levels increased. Day 12 ovariectomized 
rats nursing 6 pups showed the greatest response to pup removal; FSH 
and LH levels were elevated in both the pituitary and serum. The depressed 
secretion of FSH and LH with increasing litter size was reflected in de­
creased uterine and ovarian weights of intact dams. Ovariectomy de­
creased uterine weights but had no effect on litter and pituitary weights. 
Pituitary prolactin concentrations were similar on Day 6 post partum in 
rats with 0, 3, and 6 pups but on Days 12 and 18 these levels were elevated 
as litter size increased. Serum prolactin levels increased with litter 
size on Days 6 and 12, and on Day 18 the levels were similar in all suckled 
groups. Prolactin levels in the pituitary increased and continued to 
reflect the effect of litter size following 12 hr of nonsuckling, whereas 
serum levels declined in all groups to the low concentrations observed in 
nonsuckled ovariectomized rats. 
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